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ABSTRACT 

Spreading of sewage sludge on agricultural or grassland in 
rural areas carries an inherent risk of polluting the environment with 
harmful viruses and heavy metals contained in the sewage. Monitoring 
of sludge for viruses is, therefore, one important aspect of sewage 
disposal; first, to determine the extent of the problem, and second to 
ascertain the efficiency of present treatment methods in virus removal. 
This report deals with the first phase of the program at the Enterovirus 
Laboratory, Ontario Ministry of Health, Laboratory Services Branch, 
relating to spreading urban sewage sludge on rural land in Ontario. 

Results include virus surveillance studies at five plants 
using different phosphate removal techniques, and related laboratory 
studies. The plants involved were the North Toronto pollution control 
plant, and the treatment plants at Lakeview, Newmarket, Point Edward 
and Sarnia. Plants at Brampton, Burlington and the other Metro Toronto 
plants were included for comparison. 

During April 1973 - December 1975, a total of 1317 specimens, 
including 642 sewage specimens, 540 raw and digested sludge specimens 
and 135 specimens of water were investigated. Out of the 444 specimens 
tested in 1973, 40% of the sewage specimens (48/124) contained virus, 
although the collection period included several cold months during 
which enteroviruses were not detected in the community. Virus isolation 
rates in 1974 and 1975 were lower, which paralled the lower isolation 
rates from clinical cases as well. The virus isolates from sewage 
included several pol iovi rus i solates . Prel iminary resul ts indi cate 
that at least one strain is definitely not derived from vaccine; a 
few others are intermediate in character, indicating that they too 
could be of nonvaccine origin. All the nonpol io enteroviruses found in 
this study are well-known human pathogens and, therefore, it is important 
to ensure that they are inactivated before sludge is spread on soil. 
One important shortcoming of this and similar studies is the present 
nonavailability of a suitable test for the detection of hepatitis and 
gastroenteritis viruses. Until this is resolved, the real risk of viral 
contamination cannot be accurately assessed. Thus, our conclusions have 
to be considered provisional. 



In the present study several enteroviruses persisted in sludge 
many weeks. This also agrees with limited experience in the field. 
Sludge utilization programs should take into account the possible 
presence of pathogenic viruses in sludge and the potential for an 
extended health hazard. The presence of the more easily inactivated 
reoviruses in sludge suggests that the more virulent enteric viruses 
were not found only because they were not circulating widely in the 
communi ty . 
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RESUME 



L'epandage des boues r£siduaires sur les terres agricoles 
ou les herbages des regions rurales prfesente des risques certains de 
contamination virale et de pollution par les metaux lourds. Le controle 
de la presence de virus dans les boues est, par consequent, un aspect 
important de cet epandage, d'abord pour determiner 1'etendue du probleme 
et, ensuite, pour mesurer 1'efficacite de methodes actuelles de decontamina- 
tion. Le present rapport traite de la premiere phase du programme du 
Laboratoi re des enterovirus du ministere ontarien de la Sante, Direction 
des services de laboratoi re, concernant 1 'epandage des boues residuaires 
sur les terres rurales de 1 'Ontario. 

Les conclusions proviennent de contrSles realises a cinq 
usines d'epuration utilisant diverses techniques de dephosphatat ion et 
d'etudes connexes en laboratoi re. Les usines en question etaient eel les 
de North Toronto, de Lakeview, de Newmarket, de Point Edward et de 
Sarnia. Celles de Brampton et de Burlington et une autre du Toronto 
metropol i tain ont servi de stations temoins. 

D'avril 1973 3 decembre 1975, 1317 echantillons (6^2 d'eau 
usee, 5^0 de boues brutes et digerfees et 135 d'eau) ont fait 1'objet 
d'examens. Des kkh echantillons etudies en 1973, **0 p. 100 des 
echantillons d'eau usee {kft/Mk) contenaient des virus, bien que la 
periode de preievement se soit echelonnee sur plusieurs mois d'hiver 
au cours desquels les enterovirus n'ont pas ete detectes chez la 
population. Ce taux a ete plus faible en 197*t et en 1975 et i 1 a ete 
corrobore par la rarete des cas cliniques. Les virus isoies des 
effluents comprenaient , dans plusieurs cas, celui de la pol iomyel i te. Les 
resultats prei iminai res indiquent qu'au moins une des ces souches ne 
derivait pas d'un vaccin; d'autres sont de caractere interned i a I re, 
indiquant qu ' i 1 peut s'agir, la auss i , d'un virus qui ne provient pas d'un 
vaccin. Tous les enterovirus non relies a la polio decouverts au cours 
de cette etude sont bien connus comme agents pathogenes chez l'homme; 
il importe done de les neutral iser avant 1 'epandage des boues. Une 
des lacunes importantes de cette enquSte et d'autres etudes similaires 
est 1 'absence de technique convenable de detection des virus de 1 'hepatite 
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et de la gastroenter i te. En attendant, les dangers d'une contamination 
virale ne peuvent vraiment etre evalues avec exactitude. Ainsi, nos 
conclusions demeurent provisoires. 

Au cours de 1 'etude, plusieurs enterovirus ont survecu dans 
les boues pendant plusieurs semaines. Cela est d'ailleurs confirme 
par les experiences limitees effectuees sur le terrain. En face de 
1'epandage, on devrait tenir compte de la presence possible de 
virus pathogenes et du risque serieux qu'ils representent pour la sante, 
La presence des reovirus, plus facilement neutralises, dans les boues 
indiquerait que si les enterovirus les plus virulents n'ont pas £te 
deceles, c'est uniquement parce qu'ils ne circulaient pas en tres 
grand nombre au sein de la population. 
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1. INTRODUCTION 

In countries such as Canada, the population is concentrated in 
crowded urban centres, some of which approach mega 1 opo 1 i tan proportions. 
These rapidly growing cities and towns produce enormous amounts of 
sewage, which outstrip existing disposal facilities in many cases. The 
amount and nature of the sewage produced by each community is influenced 
by a number of factors including population density, standard of living 
and level of industrialization. Adequate sewage treatment is expensive, 
but uncontrolled sewage disposal can lead to undesirable consequences. 
While the serious environmental damage which might occur In the long run 
is of great concern, it should not be forgotten that residential sewage, 
rich in faecal material, often contains dangerous viruses and bacteria, 
such as the agents of hepatitis and typhoid. 

The presence of infectious agents in sewage has been known to 
epidemiologists, microbiologists and sanitary engineers ever since 
John Snow's classic demonstration of the waterborne spread of cholera 
(1). KMng et al (2) showed in 1912 that poliomyelitis patients excrete 
the virus in the stools. Later work (3) showed that the virus is faecal ly 
excreted by the patients and their contacts for several weeks. The 
presence of the virus in sewage (k) was, therefore, not surprising. The 
examination of sewage for the presence of viruses (5) gained great 
momentum with the development of simple cell culture techniques. !t 
is now known that over 100 antigenic types of pathogenic viruses belonging 
to several families, and including the important agents of hepatitis and 
poliomyelitis, are faecally excreted. The presence of many of these viruses 
in sewage has also been demonstrated directly (6) or indirectly (7). 

Faecal ly excreted viruses are generally quite resistant to 
various physical and biological influences such as pH, temperature and 
enzymatic activities. !t also appears that raw domestic sewage has a 
protective effect on enteroviruses (8), perhaps due to the stabilizing 
influence of organic matter on viruses. In assessing the adequacy of 
sewage treatment, it is important to remember that viruses present in 
faeces and sewage might be adsorbed to solids and difficult to detect (9) ■ 

It is well-known that viruses adsorb to various particulate 
materials and can be eluted under suitable conditions. In fact, some of 



the most efficient virus concentration methods are based on this 
phenomenon. As a consequence of the affinity of viruses for solids, 
viruses entering sewage are likely to be associated with faecal and 
other solids. They are thus likely to end up in the solid residue of 
sewage, viz. sludge, from which they may be released under conditions 
favouring elution. Since nascent phosphates are excellent virus 
adsorbents (10), phosphate removal operations are likely to increase 
the probability of virus entrapment in sludge. 

It has been estimated that the daily accumulation of wet 
sludge in urban centres amounts to approximately ten litres per person 
(11), so that a city of 100,000 is faced with the disposal of a million 
litres of sludge every day. Safe disposal of such enormous amounts of 
sludge should include efficient virus inactivation in view of the high 
probability of the presence of viruses in sludge. While some pollution 
control plants incinerate the sludge before disposal, it certainly would 
be preferable to recycle the nutrients in sludge by spreading it on 
agricultural land if this can be done without damaging the land and 
endangering the health of people and livestock on the land. 

Sludge utilization programs should, therefore, include virus 
monitoring, in conjunction with the determination of other hazardous 
substances, since it is important to determine the extent of the virus 
contamination of different types of sludge and the virus inactivating 
efficiency of current methods of sludge formation and holding so that 
they can be improved, if necessary. The present report deals with a 
virus monitoring program on sewage sludge carried out in the 
Enterovirus Laboratory, Laboratory Services Branch, Ontario Ministry 
of Health, in connection with the plans in Ontario to spread urban 
sewage sludge on agricultural and other types of rural land. 



2. OBJECTIVE 

The main objective of this study was to collect sewage sludge 
from selected pollution control plants in Ontario at regular intervals, 
and test these specimens for the presence of pathogenic viruses by cell 
culture inoculation, electron microscopy and other related methods. A 
related objective was to determine whether faecal ly excreted viruses 
survive for prolonged periods in sludge destined for land application. 
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MATERIALS AND METHODS 
Pollution Control Plants 



Sewage influents and sludges from the pollution control plants 
in Clarkson (Lakeview), Newmarket, North Toronto, Point Edward and Sarnia 
were examined for the presence of viruses because the sludges from these 
plants were likely to be applied on land. Sewage influents from the 
plants in Brampton, Burlington and Toronto were included in the study 
for comparative purposes. Relevant details regarding the plants are 
given In Table 1. It should be noted that all these plants received 
varying amounts of residential and industrial sewage. 

TABLE 1. PARTICULARS OF SEWAGE PLANTS MONITORED 



Plant 



Type 


Dai ly 

throughput 
(mi 1 1 ion 
ga 1 Ions) 


Phosphate 

remova 1 
treatment 


Activated 


s ludge 


1 


None 


Extended aeration 


10 


A1 urn 


Act i vated 


s 1 udge 


20 


None 


Acti vated 


si udge 


70 


None 


Act i vated 


s ludge 


20 


None 


Act i vated 


s 1 udge 


3 


Lime 


Act i vated 


s ludge 


8 


None 


Primary 




0.57 


Lime- i ron 


Pr imary 




8 


FeCK 



Brampton- 

Burl i ngton 

Highland Creek 
(Toronto) 

Humber (Toronto) 

Lakev i ew 

Newmarket 

North Toronto 
(Toronto) 

Point Edward 

Sarn i a 

Toronto 
(mai n p lant ) 



Activated sludge 



180 



None 



■•-Denitrif ication project 71-1-20 (C0A) 
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Specimens 



Sewage 

Sewage specimens were collected by a modification of the we 
established gauze-pad method of Moore (12). Absorbent Kotex pads 



wrapped in surgical gauze or 1 6-p 1 y gauze pads of similar size were used 
in 1973' In 197** and 1975, I 6-p ly gauze pads containing absorbent cotton 
between the layers of gauze, as recommended by Liu et al, (13) were 
used. The pads were suspended in the sewage flow at a point where the 
flow rate was not unduly rapid. After 2-3 days' immersion, the pads 
were transferred to leak-proof plastic bags and transported to the 
laboratory without delay. 

In the case of the Lakeview plant, additional 2^-hour composite 
sewage samples (500-1000 ml) made up of hourly aliquots were also obtained 
to investigate the value of large grab samples. 

3.2.2 Sludge 

Sludge specimens were obtained before and after digestion. 
They were collected in a well-mixed state in 100 ml volumes in 1973, and 
subsequently in 500 ml volumes. The specimens were transported to the 
laboratory without delay. 

In the laboratory, all samples were stored at 4 C until processed 
on the same or the following day. 

3.2.3 Water 

Several samples of runoff water from experimental plots at 
the University of Guelph, and of treated river waters, kindly provided by 
Professor R.A. Johnston and Mrs. A.H. Vajdic, respectively, were tested for 
the presence of viruses. 

3.2.4 Processing of specimens 

The Kotex or gauze pad was placed in a leak-proof double plastic 
bag and 20 ml of Earle's balanced salt solution (EBSS) adjusted to pH 
9.5 with IN NaOH was added. The bag was closed by twisting the top and 
the pad extracted by firm kneading. The pH was frequently checked and 
readjusted to pH 9.5 if necessary. After kneading for about ten minutes 
the extract was collected as completely as possibly by squeezing the 
swab dry. The extract was treated with IN HC1 to lower the pH to 7-2. 
It was then divided into two portions, one of approximately ten ml for 
the test and the other for storage and future use. The latter was 
stored at -20 C. The ten ml portion reserved for the test was mixed 
well with five ml chloroform and left overnight at h C to destroy 



bacterial and microbial contaminants other than enteric viruses. The 
bacterta-free aqueous layers were separated on the following day, freed 
of residual chloroform and tested for the presence of viruses. 

The method was modified in 197*+ to eliminate the chloroform 
treatment so that chloroform-sensitive viruses would not be missed. The 
pad was extracted with EBSS (pH 9.5) containing 2% foetal calf serum, 
filtered through a millipore membrane filter (HA 0.45u) and tested. 

Sludge samples, in ten ml volumes, were homogenized with five 
ml EBSS (pH 9.5) in a Sorval 1 Omnimix. The homogenizat ion was carried 
out in three 2-minute spurts, cooling the materials in an ice bath 
throughout. The pH was checked and adjusted each time to 9.5 after 
allowing aerosols to settle. The homogenate was centrifuged at 6000 rpm 
for 20 minutes, treated with chloroform and tested for viruses. In 197^, 
chloroform treatment was replaced by millipore membrane filtration as 
described above. Samples received after August 197** were tested by 
extracting 100 ml volumes of sludge with EBSS (pH 9.5) containing 2% 
foetal calf serum. 

Composite sewage samples and water samples were clarified by 
filtration through Whatman No. 1 paper and any residue on the filter 
paper extracted with a small volume of EBSS (pH 9-5)* The extract was 
added to the clarified material and the mixture was concentrated by 
ultrafiltration (21) or the talc-celite method (23). 

Ultrafiltration of volumes up to 500 ml was carried out in a 
model 2000 Ami con stirred cell. PM30 membranes, which allow the passage 
of substances with molecular weights less than 30,000, were used to 
concentrate any virus particles present. At the end of the procedure, 
the membranes were washed with a small volume of EBSS (pH 9-5) and the 
washings added to the concentrate. The final concentration was usually 
f iftyfold. 

Larger volumes were processed in the Sartorius thin channel 
equipment (model SM 16525) using SM 11733 membranes, which are rated at 
a molecular weight cutoff point of 70,000. The final concentration was 
usually 100-fold. 

The talc-celite procedure involved making a thin layer of a 
mixture of talc and celite on a filter paper (diameter 1 k2 mm) placed in 



a Sartorius SM 16505 filter. This was done by filtering 500 ml distilled 
water containing 3 g of celite and 9 g of talc. When filtration 
was complete, a second sheet of filter paper was placed on the layer which 
was then ready for virus adsorption. After the test material was filtered 
through the talc-eel ite layer, any adsorbed virus was eluted with a small 
volume of 1% foetal calf serum in medium T 969 (pH 9.5). This usually 
represented a 100-fold concentration. 

Modifications used in individual experiments are described 
in appropriate sections. 

Concentrates were rendered bacteria-free by filtration through 
0.*f5y HA millipore membranes in the presence of 2% foetal calf serum before 
testing. 

3.3 Virus Isolation 

Materials for virus isolation were routinely inoculated into 
drained mixed cultures of primary African green monkey kidney cells 
(AGMK) and diploid human embryonic lung cells of the WI-38 strain (1*0. 
For the initial passage, 0.2 ml volumes were inoculated into three 
tubes of each culture. The small volume was allowed to adsorb to the 
cells for 60 minutes at room temperature. The cultures were then 
checked for toxic effects of the inoculum, and in case of mild toxicity 
washed once with fresh medium (CMRL 19&9 purchased from Connaught 
Laboratories Ltd., Toronto). Materials showing severe toxicity were 
reinoculated in the presence of 5% foetal calf serum and diluted further, 
if necessary, in additional tests. 

Cultures showing no i 1 1 effects and those with mild effects 
were refed with fresh medium and incubated at 37 C. They were examined 
daily for virus-specific cytopathic effects (CPE). Cultures not showing 
CPE after seven days were snap-frozen in a methanol -dry- ice bath, thawed 
and inoculated into fresh cell cultures which were observed for a further 
seven days. The observation period was extended to ten days when the 
frequent presence of reovi ruses became apparent. 

If no virus-specific CPE was seen in the first test (consisting 
of the two passages described above), the complete test was repeated twice 
starting with the original sample. In addition, the isolation procedure 
was repeated with Falcon bottle cultures of AGMK cells using maximum 



tolerated inocula. Specimens received after August, 197^, were also 
routinely tested in cultures of the BGM (15) and the BS-C-1 (16) strains 
of AGMK cells (obtained through the generous co-operation of Dr. S.A. Sattar 
of the University of Ottawa and Dr. G. Berg of the U.S. Environmental 
Protection Agency). 

Cultures showing no CPE were tested for the presence of 
haemadsorbing viruses by treating infected cultures with human or 
guinea-pig red blood cells. Tests were also carried out for noncytocidal 
interfering agents in the case of some specimens of each type. The first 
passage cultures were generally screened by electron microscopy (negative 
staining) which led to the preliminary detection of reovi ruses in many 
instances. 

When a virus was isolated, a rapid preliminary identification 

was made by electron microscopy. Specific identification was made by 

standard neutralization tests against intersecting antiserum pools, 

confirming the results with monotypic antisera in case of ambiguity. 

The amounts of virus and antibody used in these tests were 200 TCID 

50 
and 20 units, respectively. 

The determination of virus titres in the case of isolates 
and standard strains involved the inoculation of 0.1 or 0.2 ml of 
serial tenfold dilutions using at least four tubes per dilution. 

Poliovirus isolates were characterized as wild type (virulent) 
or vaccine-like on the basis of genetic marker and antigenic differentia- 
tion tests. The genetic marker tests used were the T or ret marker 
test (17), which compares virus growth at optimal (37 C) and supraoptimal 
(40 C) temperatures, and the d marker test (18), in which the plaque 
forming ability of the virus is compared under agar overlays containing 
optima] and low concentrations of sodium bicarbonate. The McBride test 
(19) was used for antigenic differentiation between poliovirus strains. 



4. RESULTS 

4. 1 Experiments on Methodology 

4.1.1 Efficacy of chloroform treatment 

Chloroform is widely used as a safe decontami nant in processing 
sewage extracts for enterovirus isolation. The decontaminating efficacy 
of chloroform was determined in the following experiment. Three 
separate ten ml portions of a pooled sewage extract were mixed well 
with one, five and ten ml, respectively, of chloroform. The mixtures 
were allowed to stand at 4 C for 18 hours, and the aqueous phases were 
tested for bacterial sterility by inoculation into AGMK cell cultures, 
nutrient broth and thiog lycol late medium. The samples treated with 
five and ten ml of chloroform were completely free of microbial 
contamination. Specimens for test were routinely treated with half 
the volume of chloroform until this technique was replaced by millipore 
membrane filtration. In hundreds of tests using the chloroform treat- 
ment, no difficulty was experienced as a result of bacterial contamination 

4.1.2 Effect of chloroform on enterovirus viability 

The well-known resistance of enteroviruses to chloroform was 
confirmed in the following experiment. Different amounts of chloroform 
were added to preparations of poliovirus type 1, coxsackievirus B5 and 
echovirus type 6 and the mixtures allowed to stand overnight at 4 C. 
A specimen of sewage experimentally contaminated with poliovirus was 
also included. The results of virus titrations on the treated materials 
are given in Table 2. Chloroform had no effect on any of the viruses. 

4.1.3 Alternate procedure for specimen processing 

While chloroform does not affect enteroviruses, it destroys 
a large number of more complex viruses. A less drastic decontaminating 
method such as millipore membrane filtration, which is unlikely to 
inactivate any virus, was sought. The following experiment was carried 
out to determine the feasibility of membrane filtration. Poliovirus 
type 1 was added to a known virus-negative sewage. In order to prevent 
virus adsorption to the membrane during filtration, foetal calf serum 
was added at a final concentration of 2%. One portion of the sewage 
was treated with chloroform while another portion was filtered through 
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TABLE 2. EFFECT OF CHLOROFORM TREATMENT ON ENTEROVIRUSES 







Ti tre- 


aft 


er treatment 


wi 


th chlorc 


form 




di ] uted i n 


at 


a 


f i nal 


concentration of 




Vi rus 


0% 




101 


20% 




m 


50% 


Poliovirus type 1 
(Sabin) 


CMRL 1969 7.0 




6.7 


7.0 




7.0 


6.5 


Pol iovi rus type 1 
(Sabi n) 


Sewage 


1.75 




1-75 


ND 




1.75 


ND 


Coxsacki ev i rus 


CMRL 1969 


5.0 




5.0 


5.0 




5.5 


ND 


type B5 


















Echovi rus type 6 


CMRL 1969 


5-0 




5.0 


5.0 




5.0 


5-0 



-'"Tit re expressed as log TCID 



per ml 



a sterile millipore membrane (HA 0.45p) in a 27 mm holder. The two 
bacter i olog ical ly sterile preparations were serially diluted and the 
dilutions inoculated into AGMK cell cultures. Both preparations gave 
identical titres of 1000 TC I D__ per ml. In another experiment, 
parainfluenza virus present in a sample of water was detected after 
membrane filtration, but not after chloroform treatment. The millipore 
membrane filtration was used in all subsequent work in view of its 
obvious advantages. 

k.].k Effect of adding foetal calf serum on virus recovery 

Virus adsorption to millipore membranes could reduce virus 

recovery by this method. The effect of adding different amounts of 

foetal calf serum on virus adsorption to membranes was studied. Sewage 

containing added poliovirus type 1 was filtered through HA 0.45u 

millipore membranes in presence of different amounts of foetal calf 

serum and the filtrates titrated for virus. The filtrate containing 

2% foetal calf serum gave the same virus recovery as chloroform-treated 

controls (1000 TC I D__ per ml); there was no advantage in using higher 

50 

serum concentrations. 

^.1.5 Comparison of Kotex and gauze pads 

Sewage was simultaneously sampled by gauze pads and by the 
more absorbent Kotex pads on 25 occasions. Viruses were isolated from 
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both pads in 16 instances and from neither in four, showing agreement 
for 80% of the samples. Gauze pads were not superior in the case of 
the remaining samples either. This confirmed reports from laboratory 
experiments (13) that the additional fluid retention in absorbent pads 
was not a disadvantage in virus isolation work. Absorbent pads prepared 
according to Liu et al (13) were used in subsequent work. 

VI. 6 Optimum pH for the elution of enteroviruses from sludge 

Elutlon at alkaline pH has been found to be important in the 
recovery of viruses from sewage swabs and sludge (6). In early experi- 
ments the writer found that when poliovirus was added to wet sludge, 
it was not detected in the clear supernatant, but could be extracted 
from the sediment with alkaline EBSS. 

The optimum pH for enterovirus elution from sludge was 
determined in the following experiment. Five portions of sewage sludge 
containing added poliovirus type 1 were homogenized with EBSS after 
adjustment to different pH values, care being taken to maintain the pH 
throughout the extraction procedure. After chloroform treatment, the 
bacteriological ly sterile extracts were readjusted to pH 7 ,'k and titrated 
for virus in AGMK cells. The results are presented in Table 3, and 
indicate that maximum virus elution was obtained at pH 9.5. In subsequent 
experiments it was found that raising the elution pH to 10.5 or higher 
resulted in virus loss. It was also found, not unexpectedly, that the 
lowest pH at which partial virus elution was observed varied from sludge 
to sludge, but elution was maximal at pH 9.5. 

TABLE 3. ELUTION OF ENTEROVIRUSES FROM SEWAGE SLUDGE 



Virus recovered 



Specimen 



PH 




(TC 


ID 50 /0.2 ml)* 


7.2 






4.25 


unadjusted 


(6.0) 







6.5 









7-5 









8.5 






1.75 


9-5 






3-75 



Virus control 
Sludge preparation 1 
Sludge preparation 2 
Sludge preparation 3 
Sludge preparation k 
Sludge preparation 5 



*Log to the base 10 
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4.1.7 Evaluation of concentration procedures 

Various concentration procedures were compared by adding 

6 
approximately 10 TOD of poliovirus type 1 to two litre volumes of 

clarified sewage or water and processing by the different methods. Each 
concentrate was titrated to determine the amount of virus recovered and 
the efficiency of the procedure was evaluated in terms of percentage 
recovery. The results are presented in Table 4. Ultrafiltration through 
an Ami con PM 30 membrane (20) gave a 20% recovery if the membrane was 
washed with Tris buffer. The recovery rate could be increased to 50% 
by adding 2.5% foetal calf serum and O.0O25M disodium EDTA. Thin 
channel ultrafiltration (21) through the Sartorius equipment gave a 30% 
recovery. When clarified sewage containing virus was filtered through 
a sodium alginate membrane and the alginate dissolved in 3-8% sodium 
citrate (22), 33% of the added virus was recovered in the alginate 
solution. The talc-eel ite method (23) gave yields in the 30 - 65% range. 
it should be noted that the recovery rates were very sensitive to experi- 
mental conditions. Attempts are at present directed towards developing 
a practical and reproducible concentration method. 

4.1.8 Sensitivity of different eel 1 cultures to enteroviruses 
Sludges are likely to contain only small amounts of virus and 

should be tested in the most sensitive cell cultures. Table 5 summarizes 
the results of titrating various enteroviruses in different primate 
cell cultures. The BGM strain of continuous AGMK cells were the most 
sensitive cells, confirming the recent report (24). Primary AGMK cells 
are also satisfactory and diploid human embryonic cells (Wl -38) have 
some advantages. Other simian cells such as BS-C-1, Vero, RE-2 etc., 
are less sensitive than BGM or AGMK. Since It was advantageous to 
use several types of cells, the tests were carried out routinely in 
AGMK, BS-C-1 and WI-38 cell cultures. BGM cells were added to this 
combination in the second year of the study. 

4.1.9 Choice of the method of inoculation of cell cultures 
Adsorption of inocula to cell cultures is likely to increase 

the efficiency of virus isolation, but In the case of sewage and sludge 
it might increase the toxic effects of specimens. Two experiments were 
carried out to determine the value of adsorption in the case of inocula 
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TABLE A. RECOVERY OF POLIOVIRUS TYPE 1 (SABIN) BY 
VARIOUS CONCENTRATION METHODS 



Method 



Ini tial 
vo 1 ume 
(ml) 





No. of 


ncentrat ion 


trials 


50-fold 


1 


50-fold 


1 


50-100-fold 


3 


200-fold 


1 



Vt rus 
recovery % 



Stirred cell ultrafiltration 

Stirred cell ultrafiltration 
in presence of FCS and EDTA* 

Thin channel ultrafiltration 
in Sartorius eel 1 

Sodium alginate adsorption 

Talc-eel ite adsorption: 

(a) batch method (pH adjusted 
to 6.5 and MgCK added) 

(b) sandwich method 



2000 
2000 

2000 

500 

500 



50-fold 



20 



25-33 



i . no adjustments 




50-1000 


50-100-fold 


3 


0-65 


i i . pH adjusted to 3 

for virus adsorption 




1000 


100-fold 


1 


0.2 


iii. MgCl- added without 
pH adjustment 




1000 


100-fold 


1 


6 


iv. pH adjusted to 3 
and MgCl. added 


J*oo 


£ 1000 


20 & 50-fold 


2 


29 & 63 


PE-60 adsorption- 




500 


100-fold 


1 


<1 



-FCS = foetal calf serum; EDTA = Disodium Ethylenediami n tetraacetic acid; 
PE-60 = Polyelectrolyte-60 (Monsanto Chemicals). 
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TABLE 5. GROWTH OF ENTEROVIRUSES IN DIFFERENT CELL CULTURES 
OF PRIMATE ORIGIN 



Poliovirus type 2 (Sabin) 



T i t re* i n 



Primary 



Vi rus 




AGMK 


WI-38 


BGM 


BS-C-T 


Vero 


RE-2 


Pol iovi rus type 1 


1 (Sabin) 


6.0 
7.0 


5.0 


8.0 


7.0 




7.0 



6.5 



7-0 



Poliovirus type 3 (Sabin) 


6.5 












6.0 


Coxsackievirus type A9 


6.5 

7.0 


A. 


25 






<) 


3.0 


Coxsackievirus type B2 


6.0 






6.5 


5-75 




6.0 


Coxsackievirus type B3 


5.0 
6.0 






6.0 


5.75 




6.0 


Coxsackievirus type B4 


5-0 






7-0 


4.75 




6.0 



Coxsackievirus type B5 



5.75 

5.5 

6.33 



7.5 



<2 



6.0 



6.0 



Echovirus type 6 



6.0 
7-5 



7.5 



7.5 



7.0 



Echovi rus type 7 



6.5 

6.0 



5.0 



7.25 



5-75 



6.0 



Echovi rus type 9 



7.0 
6.0 
6.5 



4.5 



6.25 



5-5 



4.0 



"Tit re expressed as log. TC I D per ml. 
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containing small amounts of virus. In the first experiment, it was found 
that direct inoculation gave a titre of 47 TCtD fi /ml while adsorption 
increased the titre to 320 TCI D /ml. Washing the cultures after 
adsorption did not affect the titre. 

The second experiment involved the inoculation of 40 specimens 
obtained in the field. They were tested in parallel by adsorbing 0.2 ml 
to drained AGMK and adding the same amount to one ml of medium in undrained 
cultures. No virus was isolated from 18 specimens, while adsorption gave 
the same or better results in the case of 15- The results could not be 
compared in the case of the remaining seven specimens because of cell 
toxicity or other reasons. Since adsorption gave the same or better 
results in 82.5% of comparisons, and specimen toxicity was not too 
frequent, the adsorption method was routinely employed. 

4.1.10 Importance of using multiple cultures 

Forty-five specimens were inoculated into two AGMK cultures 
in Falcon bottles to determine the value of inoculating multiple cultures. 
Both cultures yielded virus in 12 instances and neither yielded virus in 
20. In the case of the remaining 13, the two cultures yielded different 
results. It was, however, considered essential to inoculate the specimens 
into several cultures of different cell types in order to avoid under- 
estimating viral contamination in specimens containing very little virus. 

4, 2 Virus Isolation from Specimens 

4.2.1 Efficiency of the virus isolation procedures 

In the experiment on virus inactivation by sewage reported 
later (4,3-0, it was possible to recover 100 to 10,000 TC I D 5Q of 
added virus from 10 ml without loss, showing that the extraction procedure 
was efficient. The results with sludge also appear to be satisfactory 
if allowance is made for the initial virus loss. 

In hundreds of tests in which the same originally virus- 
negative specimens were retested several times, in different amounts 
and in different cell cultures, including the very sensitive BGM cells, 
virus was isolated on the second or subsequent occasion only rarely. 
In one series, viruses were isolated from only 12 out of 1 40 originally 
virus-negative specimens by retesting. 
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It was concluded that the procedures used are likely 

to detect virus present in amounts as small as ten TCID per ml, and 

that retesting of maximum tolerated inocula in bottle cultures of 

several sensitive cell cultures might increase the chances of virus 
isolation, if only marginally. 

4.2.2 Virus isolation from sewage and sludge samples 

A total of 1317 specimens were examined. During 1 973 * 124 
specimens of sewage, 116 raw sludges, 111 digested sludges and 26 water 
samples were examined. The specimens examined in 1974 consisted of 
212 sewage influents and 102 effluents, 70 raw and 101 digested sludges, 
as well as 38 samples of water. In 1975. 41 raw sludges and 101 
digested sludges, including 27 samples of sludge compost from Windsor, 
were examined. The studies also included 170 sewage influents, 34 
effluents and 71 water samples. The overall virus isolation rates are 
g iven in Table 6. 

TABLE 6. VIRUS ISOLATION RATES FROM SEWAGE AND RELATED SPECIMENS 

Virus Isolation Rate (%) in 



Specimen 


1973 


1974 


1975 


Total 


Digested sludge 


1/111 
(It) 


4/101 
(m) 


16/101 

C1113 


21/313 
ill) 


Raw sludge 


12/92 

(m) 


8/94 


5/41 

(m) 


25/227 
(tit) 



Sewage influent 48/124 41/212 1 8/1 70 107/506 

(39%) (19*) (10* Si! (213!) 

Sewage effluent - 5/102 1/34 6/136 

(5%) (3*) (4%) 

Water 0/26 0/38 0/71 0/135 



In the case of sludges, 11% of raw sludges and ~j% of digested 
sludges yielded viruses, but there were considerably more virus isolations 



from digested sludges in 1975. Viruses were isolated from 106 out of 
506 (2)%) sewage influents examined. The virus isolation rates decreased 
from 33% in 1973 to \$% in 197** and 10% in 1975. Only six out of 1 36 
(k%) sewage effluents yielded viruses. 

The results for individual pollution control plants are given 
in Table 7. The facilities in Newmarket, North Toronto, Point Edward 
and Sarnia were studied in 1973 and 197*1, and the Lakeview treatment 
plant in 197*t and 1975- The Little River treatment plant in Windsor 
was included in the study in the summer and fall of 1975- The results 
from five plants where only sewage specimens were collected during 1973 
and 197** are included for comparison. Eight out of the 21 virus-positive 
digested sludges were received from the Little River treatment plant. 
Otherwise, no significant differences can be detected between individual 
plants. 

The monthly virus isolation pattern is given in Table 8. The 
results clearly show the seasonal occurrence of enteroviruses. The 
isolation rates were the highest during the months of August and September, 
when enterovirus prevalence is at a maximum in Ontario. Very few viruses 
were isolated during the colder months. 

During the three years, 18 polioviruses belonging to all three 
types were isolated, and of these 11 were vaccine-like in the T marker 
test. A further four were intermediate in character and might be related 
to vaccine strains. The antigenic marker tests, which have been carried 
out only on three strains so far, have revealed only one wild type strain, 
which belonged to type 2. 

All the nonpolio enteroviruses identified so far have been 
found to belong to the coxsackie B group with one exception, which was 
a coxsackie A9 virus. These results appear to reflect the pattern of 
virus prevalence in the community during these years. Reovi ruses, which 
constituted only 25% of the isolates in 1973, accounted for nearly 70% 
of the isolates in 197** and 1975. 

Particulars of various viruses isolated from the different 
types of specimens are given in Table 9- Sewage specimens yielded l*t 
polioviruses while raw sludge contained the virus on four occasions. 
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TABLE 7. VIRUSES FROM INDIVIDUAL POLLUTION CONTROL PLANTS 





Year 


Virus isolations from 




Sewe 


ge 


SI udge 


Other 




Source 


Influent 


Effluent 


Raw Digested 


Total 




1973 
1974 
1975 


SEWAGE AND SLUDGE 


Newmarket 


7/18 
7/19 


0/6 


4/21 0/27 
0/9 1/20 
2/4 




11/66 
8/54 
2/4 


North Toronto 


1973 
1974 
1975 


4/21 


0/21 


0/1 0/6 
0/3 

1/6 




0/7 

4/45 

1/6 


Point Edward 


1973 
1974* 


15/30 
3/30 


2/35 0/36 
3/29 1/28 


0/1 


17/102 
7/87 


Sarn i a 


1973 
1974* 


12/31 
2/26 


6/35 1/42 
2/29 0/29 




19/108 
4/84 


Lakevi ew 


1974 
1975 


7/45 
8/85 


0/4 


3/24 2/24 
4/37 3/36 




12/97 
15/158 


Little River 


1975 


7/25 


1/34 


0/2 8/50 




16/1 11 


Other 


1973 
1974 
1975 




1/2 2/5 


0/14 
0/38 
0/71 


0/14 
0/38 
3/78 


TOTAL 


72/330 

(22%) 


1/65 
0.5!) 


25/227 21/313 


0/124 


119/1059 





1974 

1975 


SEWAGE ONLY 


Brampton 


3/8 
3/60 


0/8 








3/16 
3/60 


Burl ington 


1973 


5/23 




0/11 


5/34 


Toronto 
(Highland Creek) 


1974 


6/19 


4/19 








10/38 


Toronto (Humber) 


1974 


4/22 


1/22 








5/44 


Toronto (Main) 


1973 
1974 


9/22 
5/22 


0/22 








9/22 
5/44 


TOTAL 


35/176 

(20%) 


5/71 






0/1 1 


40/258 


GRAND TOTAL 


107/506 




6/136 




25/227 21/313 


0/135 


159/1317 



-Discontinued in August 1974 due to circumstances beyond our control. 

18 



TABLE 8. MONTHLY PATTERN OF VIRUS ISOLATIONS FROM SEWAGE RELATED SPECIMENS 1973, 7*t & 75 









Number 


of isolations 










Other 


Untyped 






Month 


Year 


Pol iovi ruses 


enterovi ruses 


enterovi ruses 


Reovi ruses 


Total 


January 


1973 
197*» 
1975 






2 




2 


February 


1973 
197*f 
1975 






1 




1 


March 


1973 
197*t 














1975 






1 


3 


h 


Apri 1 


1973 
197*1 
1975 






2 




2 


May 


1973 
197*f 
1975 


1 






*f 


5 


June 


1973 
197*t 


1 


1 










1975 






3 


3 


8 


July 


1973 


1 


1 


2 








197*1 


2 


1 


1 


6 






1975 








5 


19 


August 


1973 


6 


3 


6 


2 






1974 


1 


1 


2 


16 






1975 






1 


k 


h2 


September 


1973 


3 


8 


1 


1 






1974 




1 


k 


10 






1975 






2 


8 


38 


October 


1973 
197*4 


1 
1 


1 


2 

3 


2 
5 






1975 








2 


17 


November 


1973 
197** 
1975 


■ 
1 


1 


3 

1 


9 


15 


December 


1973 
197*> 
1975 






3 

1 


2 


6 


TOTAL 


18 


18 


m 


82 


159 



«I|IP9J.|I III UL , 



Most of the isolates from digested sludge have been identified as 
reoviruses and the three strains of unidentified enterovirus isolated 
from digested sludge do not appear to be pol iovi ruses. 

^•3 Virus Survival in Sewage and Sludge 

^.3*1 Virus inactivation by sewage and sludge 

In virus recovery experiments involving the artificial contamina- 
tion of sludge, it was found that poliovirus added to sludge cannot be 
completely recovered (Table 3). Added virus disappeared but could be 
partly recovered by suitable elution procedures. The 2% foetal calf 
serum in EBSS at pH 9.5 was found to be the most efficient eluting 
fluid, but in the case of some sludges 10% foetal calf serum at pH 7.2 
was found to be almost as efficient. Even under the most favourable 
conditions, only a third of the added virus could be recovered. Direct 
inoculation of the sludge to detect solids-associated virus proved toxic 
to eel 1 cul tures. 

In other experiments, it was found that sewage sometimes 

inactivated virus. Virus in amounts ranging from 100 to 10,000 TCID™ 

in ten ml (1 to 100 TCID per 0.1 ml) were sometimes recovered without 

loss. On occasion, considerable loss of added virus has been observed. 

In one experiment, only 3200 TCI D__ (3.2%) out of 100,000 TCID rA of 

t>u i>o 

poliovirus added to ten ml of sewage could be recovered. This problem 
merits further examination. 

^.3-2 Virus survival in sludge 

Virus added to sludge being at least partially recoverable in 
the infectious state, it was of interest to determine the long-term fate 
of viruses added to sludge. 

In an initial experiment, poliovirus type 1 was added to virus- 
negative sludge, and aliquots were stored at h C and at room temperature. 
The specimens were eluted at intervals and chloroform-treated eluates 
titrated for viruses. The results are presented in Table 10. Virus 
recovery remains unchanged for at least seven days at either temperature. 
Smaller amounts of virus were recovered even after )k days. Virus survival 
at k C indicates that storage at this temperature will preserve the virus 
for short periods of time if tests cannot be carried out immediately. 
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TABLE 9. ENTERIC VIRUSES ISOLATED FROM SEWAGE AND SLUDGE 









Numbe 


r of 


isolates 












Digested 




Vi rus 




Sewage 


Raw slu 


dge 


s ludge 


Total 


Pol iovi ruses 




}k 


k 







IS 


Coxsackievi rus 


A9 


1 










1 


Coxsackievi rus 


B2 


1 










1 


Coxsackievi rus 


B3 


2 


o 







2 


Coxsackievirus 


Bk 


8 


k 







12 


Coxsackievi rus 


B5 


2 










2 


Uni dent i f ied 




31 


7 




3 


k\ 


enterovi ruses 














Reovi ruses 




Sh 


10 




18 


82 


TOTAL 




113 


25 




21 


159 



TABLE 10. P0LI0VIRUS SURVIVAL IN SLUDGE 



Day 



Virus added 



No. of TCID rrt detected at 
50 



4°C 



Room 
Temperature 



2 

3 

7 

14 



Approximately 200 
TCID 50 



56 
56 
56 
32 



56 

100 

56 
56 
10 



2! 



The results at room temperature suggest that viruses present in sludge 
are likely to survive for several days under field conditions. 

The next step involved a study of the persistence of a number 
of different enteroviruses in sludge. Two separate experiments were 
carried out. (n the first experiment, separate portions of pooled 
virus-negative sludge were mixed with appropriate amounts of coxsackie 
A9, B*t, B5 and echo 6 viruses and the virus titres determined after 3, 
7 f H, 21 and 28 days at room temperature (22 C) . The second experiment 
consisted of mixing virulent and attenuated strains of polioviruses 1 
and 3, coxsackie B2, B5, echo 6 and 9 viruses with aliquots of another 
pooled virus-negative sludge. The materials were incubated at room 
temperature and titrated for viruses at 1, 2, 5, 8, 10 and 12 weeks. 
The results are presented in Figure 1. Virus survival in sludge was 
generally poorer compared to controls using EBSS. However, many viruses 
were detectable in sludge after several weeks at room temperature. 
Differences were seen between individual viruses in their ability to 
survive. Coxsackie A9 virus disappeared after two weeks while coxsackie 
B2 virus persisted for five weeks. Polioviruses could be detected for 
at least eight weeks. Echo 6 virus was detected until ten weeks while 
coxsackie B5 and echo 9 viruses were still detectable when the second 
experiment was terminated at 12 weeks. The differences between the 
viruses did not appear to be related to initial titres. There was 
also no relationship between the state of attenuation and persistence. 
The vaccine strain of poliovirus type 1 was less persistent than the 
virulent strain, but the reverse was true in the case of poliovirus 
type 3. 

A further experiment was carried out to determine virus 
persistence in a virus-positive sludge. Since the sludge specimens 
obtained usually contained only barely detectable amounts of virus when 
positive, a specimen containing larger amounts of virus was obtained from 
the Green Creek Pollution Control Plant in Ottawa through the courtesy 
of Dr. S.A. Sattar. It was found to contain reovi rus and, when tested at 
two-week intervals, still contained detectable amounts of virus at 
six weeks. 

It was thus clearly seen that several viruses persisted in 
sewage sludge for several weeks at room temperature. 
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FIGURE 1. ENTEROVIRUS SURVIVAL IN SLUDGE AT ROOM TEMPERATURE 

Legend ; o o Sludge (Experiment 1) • • Sludge (Experiment 2) x x Medium 
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5. COMMENTS 

Hundreds of antigenic types of viruses are shed in large 
amounts in the body secretions and excretions during the course of 
infection. Many of these, such as adenoviruses, enteroviruses, hepatitis 
A and B viruses, reovi ruses and possibly the recently described 
gastroenteritis agents, including orbi (25) and rota (26) viruses, are 
resistant to adverse conditions. All these viruses are faecal ly 
excreted in very large amounts even in the absence of overt disease. 
Persons infected by many of these viruses are known to excrete many 
thousands of infectious units of the virus daily for weeks, so that it 
is quite likely that urban sewage systems receive millions of infectious 
units of one virus or another each day. The frequent isolation of viruses 
from urban residential sewage (27, 28, 29, 30) is thus not surprising. 
It should be emphasized that only very resistant viruses will survive 
the considerable chemical and thermal pollution present in urban sewage 
containing industrial effluents. Faecal ly excreted viruses are most 
likely to survive under these conditions, particularly if some of the 
co-pollutants have a virus-stabilizing effect (8). The actual partitition 
of viruses between the solid and liquid parts of sewage is governed by 
several factors, many of which are not understood clearly. But in view 
of their tendency to adsorb to particulate material, viruses entering 
sewage are likely to remain associated with faecal and other solids. 
Phosphate removal and other operations involving the formation of 
precipitates are likely to increase the amount of viruses present in 
sewage sludge. 

The prevalence of enteric viruses in the population follow 
well-known geographic and seasonal patterns. Their presence in sewage 
would, therefore, show similar patterns. The results would also be 
influenced by the other pollutants in sewage. At our northern latitude, 
enterovirus infections are widely prevalent during summer and fall (31). 
It is, therefore, not unexpected that enteroviruses are frequently isolated 
from sewage during these months. 

Pol iovi ruses , which were predominant until I960, have been 
eradicated almost completely in most temperate zone countries, including 
Canada (32), with the help of effective vaccines. In these countries, 
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polioviruses are likely to be widely prevalent only if live vaccine 
is used for immunization, and the strains in circulation would then be 
the attenuated vaccine strains. The very success of vaccination programs, 
however, has led to public apathy towards vaccination, and a disturbing 
immunity gap appears to be developing in susceptible age groups (33). 
This is evidenced by the lack of detectable serological immunity in a 
significant proportion of persons tested (3*t, 35) and by the reappearance 
of sporadic cases of paralytic poliomyelitis (36) after many years of 
freedom from the disease. The development of an immunity gap (37) has 
been documented and so has the reappearance of paralytic poliomyelitis 
(38) in Ontario in recent years. 

The great increase in rapid air travel in recent times has 
increased the chances of importing virulent virus strains from countries 
where the disease is endemic and control measures are inadequate. The 
importation of an unusually virulent strain and its entry into an urban 
sewage system could lead to serious consequences if inadequately treated 
sewage or sludge from the system is discharged into natural waters or 
spread on land. 

The isolation at one time or another of polioviruses belonging 
to all three types from sewage from different areas was disturbing, 
particularly in view of the fact that live vaccine is not extensively 
used in Ontario. The experience in Ottawa (Sattar, personal communica- 
tion) has been similar. Most of the isolates have turned out to be 
attenuated strains, probably from local vaccinees or imported from 
neighbouring areas using live vaccine. The isolation of at least one 
virulent strain and some atypical strains in this study and several 
virulent strains in Ottawa, however, emphasizes the need for adequate 
polio surveillance. A simple and practical method of doing this would 
be to monitor sewage regularly. 

The nonpolio enteroviruses encountered in this study, viz. 
coxsackie A9, B2, B3, Bh and B5 viruses, are all well-known human 
pathogens responsible for a variety of syndromes ranging from trivial 
common-cold- 1 ike illnesses to serious diseases such as pericarditis, 
meningitis or even encephalitis. The most frequent isolation of 
coxsackie B viruses agrees with results from clinical specimens. The 
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low isolation rates also appear to parallel the experience with clinical 
specimens during these three years in this laboratory and the Hospital 
for Sick Children, Toronto (Middleton, personal communication). 

The absence of echovi ruses is noteworthy since they are often 
responsible for widespread epidemics. The failure to isolate them could 
be attributed to either low level circulation or absence in the three 
years involved. In virological and serological tests on clinical 
specimens, evidence of the widespread prevalence of echovi ruses in the 
community was not found. It is possible that some of the unidentified 
viruses in the present study contain mixtures of echovi ruses or atypical 
variants. It should be noted that the present conclusions have thus 
been drawn in years when echovi ruses were either absent or circulating 
at low levels. They might not be applicable to other years when one 
of the frequent echovi rus epidemics, such as the widespread echovi rus 
type 9 epidemic of 1970 (39), is in progress. 

A large proportion of isolates found were reovi ruses. No 
specific pathogenic role has been assigned to these viruses, although 
their involvement has been suspected in a variety of illnesses such 
as gastroenteritis. A closely related group of viruses, the rotaviruses 
(26), have been shown to be responsible for the majority of cases of 
infantile gastroenteritis, but these viruses do not grow in any of the 
cell cultures currently available. The isolation of such a large 
number of reovi ruses in this study and in Ottawa (Sattar, personal 
communication) from sewage-related material was not expected since 
reov i ruses are only infrequently isolated from clinical specimens in 
this laboratory and elsewhere (Middleton, personal communication; 
Rossier, personal communication). This suggests that the reovi ruses 
found in sewage might have nonhuman sources. 

Another unexpected finding was the nondetection of adenoviruses 
although these viruses are isolated from young age groups throughout the 
year. This might be partly explained by the difficulty of detecting 
adenoviruses in cell cultures. It could also be that these viruses 
are more susceptible to inactivation in the sewage when present at low 

levels. 

The spread of hepatitis A virus (infectious hepatitis) by 
ingestion of contaminated water is wel 1 -documented (7, ^0). Our ability 
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to detect this virus, which has an autumn-winter prevalence, is at present 
limited to finding human infections. Recent reports (41) of the immunoe- 
lectron microscopic detection of hepatitis A virus particles hold 
hope that when a plentiful supply of specific antiserum becomes available, 
it will be possible to detect the presence of this virus in specimens. 
In the electron microscopic studies made here, particles resembling this 
virus have not been observed but any conclusion must await the application 
of immunoelectron microscopy. In a limited series, in which immunoelectron 
microscopy using pooled human gamma globulin as antiserum was tested, 
no virus aggregates were seen. 

Hepatitis B virus (serum hepatitis) is less likely to be a 
major hazard in sewage, although excretion in the faeces has been 
demonstrated for this virus {hi). The technology for the detection 
of antigens of hepatitis B virus is more advanced, since reliable methods 
are available for the immunologic and electron microscopic detection 
of Australia antigen or HBsAg, which is a characteristic product of this 
virus. No evidence was found of the presence of HBsAg in our specimens. 
It has been suggested that the antigen might be enzymat ical ly destroyed 
when present in sewage (48). 

Immunoelectron microscopy is also likely to reveal the distribu- 
tion of several viruses recently implicated in infantile gastroenteritis 
and winter vomiting and diarrhoea (43). These include the orbivi ruses 
(25). rotaviruses (26) and others such as the Norwalk agent (44). The 
lack of ready supply of specific antiserum is again the limiting factor. 
When detection techniques for these viruses become practical, it is quite 
possible that more viruses may be found in sewage and sludge. 

A factor of great importance, but to which only brief mention 
can be made here, is the minimal infectious dose of viruses. This is 
an ambiguous area, but available evidence indicates that small amounts 
of virus, as little as one TC I D , can infect man. Whether this will 
lead to disease is influenced by many factors. But there is very 
little question as to the ability of small numbers of virus particles 
to infect and produce disease under favourable conditions (50). 

The tendency of viruses to adsorb to particulate materials, 
especially in plants carrying out phosphate removal, and the significance 
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of this in the accumulation of viruses in sludge, has already been 
mentioned. When virus was added to sludge, it disappeared immediately. 
Some of it could be recovered by suitable extraction procedures. It was 
interesting to note that the residual virus can be recovered at the same 
level for a week and at a slightly lower level for at least another week. 
Thus, any virus present in sludge at the time of spreading on land is 
likely to remain infectious for a considerable period. Survival of the 
virus would be enhanced if the virus particle is protected by adsorption 
inside a pellet of faecal or other solid. The adsorbed virus is likely 
to be eluted in the infectious state under appropriate conditions since 
adsorption peA 4e does not lead to virus i nact i vat ion . The leached 
viruses would be carried by runoffs and there is a definite danger of 
contaminating surface and subsoil water. 

The persistence of several enteroviruses in sludge for several 
weeks at room temperature has been demonstrated. The results obtained 
with the virus-positive sludge from Ottawa show that virus survival is 
not confined to those added in the laboratory. The presence of virus 
in sludge dried in a lagoon for several months (Sattar, personal 
communication) confirms these results under field conditions. 

The isolates from sludge were almost exclusively reovi ruses 
but it should be remembered that reovi ruses are more readily inactivated 
than enteroviruses (**9) • Virulent enteroviruses are likely to reach 
sludge when they are widely prevalent in the community. Sludge 
utilization programs will have to take this into account in determining 
the length of time for which sludge should be held before spreading 
on land. At the low levels found in this study, a six-month holding 
period appears to be adequate. When much higher levels are likely to 
be present, as in sludge from primary treatment, the holding period 
should be reevaluated. Virus monitoring of sludge destined for land 
appears to be desirable whenever practical. 

Transmission of viruses through sewage and sludge would remain 
an academic problem if waste disposal had not assumed today's gargantuan 
proportions. In the present study, the virus isolation rate from sewage 
was about 20%, although the rates were much higher during the enterovirus 
season. It is difficult to compare these results with other studies 
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reporting higher virus isolation rates (30) without taking into account 
regional differences and year-to-year differences. Our pattern of summer- 
fall virus isolations, which probably reflects the prevalence of the 
viruses in the community, has been observed by other workers in the 
temperate zone, in the U.S. (45) and in Europe (46). Added virus at 
levels as low as 1 TCID per 0.1 ml could be detected and our method 
does not appear to lack sensitivity. 

It is possible that concentration of large grab samples might 
lead to the detection of even smaller concentrations of virus. But even 
large grab samples constitute only a tiny fraction of the sewage passing 
through the plant, and slight errors in timing can have profound effects 
unless large amounts of virus are continously entering the sewage system. 
Besides, it was found that the efficiency of many concentration methods 
varied widely when applied to sewage. 

The sampling problem was investigated by comparing gauze pads 
and 24-hour composite grab samples from the Lakeview facility. There 
was no significant difference between gauze-pads and one-litre grab 
samples. The collection of one-gallon samples in a few instances did 
not significantly alter the results. Gauze-pads are admittedly inadequate 
(13) but they have been found superior to small grab samples (46, 47) . 
In the case of Ottawa treatment plants, which are estimated to receive 
100-5000 infectious units per litre, Sattar (personal communication) 
found that concentration of 5~20 litre samples led to a small improvement 
in isolation rates compared to gauze pads. Results obtained by Kott 
(personal communication) indicate that sewage effluents from some of the 
treatment plants in this study contained very little virus (0-32 PFU 
per litre). It is, therefore, possible that the plants studied were 
receiving only small amounts of virus, if any. One factor involved in 
the low virus input would be the presence of industrial effluents in the 
sewage. 

In the case of mixed sewage containing domestic sewage and 
industrial effluents, it is practically impossible to assess the effects 
of chemical and thermal pollution on viruses. More viruses might have 
been isolated by monitoring exclusively residential areas. The aim, 
however, was to obtain an estimate of viruses entering the treatment 
plants and, therefore, entering into the sludge. 
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Many of the considerations on sampling efficiency mentioned 
above would not apply to our results with sludges. The method of 
extraction gave good yields in the experiment on virus survival in 
sludge (Section 4.3.2). The low virus isolation rates from sludge 
are therefore encouraging. The increased virus isolation from digested 
sludge in 197*1 and 1975, when virus prevalence in the community appeared 
to be lower, indicates the need for more investigations. It should be 
pointed out that most of the isolates in 197^ and 1975 were reovi ruses, 
for which a human source was not established. The results should also 
be viewed in the light of their indeterminate role in human diseases. 
It has to be emphasized that our studies so far have been conducted in 
periods of unusually low enteric virus incidence. The situation in 
other years, especially during a widespread epidemic, could be quite 
different. It is also possible that the development of detection 
methods for hepatitis and gastroenteritis viruses applicable to sewage 
could affect these conclusions. 
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6. CONCLUSIONS AND FUTURE WORK 

It can be said guardedly that spreading sludge probably poses 
only a low- level health hazard. This conclusion should be qualified by 
adding that virus prevalence in the community was low, and that practical 
detection methods are not available for the important agents responsible 
for hepatitis and gastroenteritis. 

Surveillance should be continued so that patterns in different 
years can be recognized. Improvement of methodology, both for sample 
collection and virus detection, should receive priority, especially 
since viruses persist in sludge for many weeks. Undoubtedly, it is of 
greatest importance that any sewage-related material leaving the treatment 
plants should be treated adequately to ensure virological safety. 
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